INTRODUCTION
. Prior (Onderdonk 1901) . In 1906, Buckley, advocated changing a dressing of formocreosol several times until no pus was present prior to obturation (Buckley 1906 ). However, there were still misconceptions regarding the etiology of endodontic failure. Blayney described three causes of failure" introduction of outside infection, traumatization of remaining tissue by careless handling and lastly the use of irritating drugs (Blayney 1927) .
Conclusive evidence to support a causitive relationship between bacteria and periapical disease was documented in an experiment by Kakehashi et al (1965) . Kakehashi demonstrated through an animal model that germ free rats did not develop pulp necrosisi or periapical lesions when their pulps were mechanically exposed whereas pulps exposed in rats with a normal bacterial flora did develop periapical rarefactions. Exposure of the pulp alone did not cause periapical disease. Bacteria were the critical piece needed to trigger the cascade of events that culminates in periapical breakdown (Kakehashi et al. 1965 ).
This study was followed in close succession by Torneck in (Torneck 1966) . However, when necrotic tissue inoculated with gram-negative cocci was placed in the tubes severe inflammation with abscess formation was noted (Torneck 1967) .
A monkey study demonstrated the influence of indigenous oral bacteria and necrotic pulp tissue on the periapical health (Moiler et al. 1981) . Seventyeight teeth were aseptically necrotized. Fifty-two of the 78 teeth were infected with autogenous oral flora while the remainder were left bacteria free. The monkeys were followed for 6 to 7 months. At the conclusion of the study all of the 52 teeth that were infected developed apical periodontitis. The remaining 26 teeth which were still sterile had no signs of periapical inflammation. The conclusion from this study is that sterile necrotic tissue is benign in itself; it is the bacteria that induce periapical breakdown. Dahlen and Bergenholtz also appreciated the importance of certain bacteria in the development of periapical disease; necrotic tissue alone cannot cause or maintain periapical osteolysis (Dahlen and Bergenholtz 1980) .
Origin of endodontic infections
The source of the bacteria became a debate. Through the 1940's and extending into the late 1950's the theory of anachoresis wa dominating the field (Robinson and Boling 1941; Gier and Mitchell 1968; Delivanis and Fan 1984) .
This theory stated that microorganisms reach necrotic pulps via the blood stream. However, several studies disproved this notion (Moiler et al. 1981 were associated with recovery of Porphyromonas (Sundqvist et al. 1989) .
A relationship exists between the number of strains found in a root canal and symptomatology. In a clinical study of 16 necrotic teeth with intact crowns all 7 painful cases had six or more species present within the root canal (Sundqvist 1976 ). The 9 cases without pain had fewer than 6 species present within the root canal space. There also seems to be an association between lesion size and the number of strains present. Of the 9 teeth with a periapical lesion greater than or equal to 5mm, 8 of them had at least 5 strains present. Likewise, 8 of the 9 teeth with lesions measuring less than 5 mm had fewer than 6 strains of bacteria present (Sundqvist 1976 (Safavi et al. 1985) .
If these bacteria are not eradicated during the initial instrumentation and root filling process, the long-term prognosis decreases (EngstrSm et al. 1964; Heling and Shapira 1978; Sjgren et al. 1997 (Sundqvist et al. 1998 ). (Tronstad et al. 1980 ). The high pH destroys cell membranes and is not compatible with bacterial viability over a pH of 9.5 (Fisher and Huerta 1984) . However, E. faecalis has the ability to withstand a pH of 11.1 (Evans et al. 2002) (Evans et al. 2002) .
Attempts have been made to use less conventional medicaments and irrigants such as Chlorhexidine (CHX) (Zerella 2003; Siren 2004 ), Iodine potassium iodide (IKI), tetracycline (Dahlen et al. 2000) , ozone (Hems et al. 2005 ) and the recently-described mixture of tetracycline analogue, citric acid, and detergent (MTAD) (Shabahang 2003 At this point, a surface specimen was collected with paper points that was to be analyzed in case of a positive Enterococcus spp. result (see below). Root-filling material was removed using Gates Glidden drills, Hedstrom files and Profile(R) rotary instruments with no solvent. Working length was estimated using a Root ZX and confirmed radiographically. All attempts were made to instrument canals to a length 0.5-1 mm short of the radiographic apex. Saline was introduced into the canal, once an apical size of 25 had been reached and most of the root filling material had been removed. The specimens were obtained using three paper points placed in the canal for about 30 seconds in succession. In addition, a new sterile #25 H-file was used to length, and the working area of the file aseptically separated and added to the specimen. For multi-canalled cases, the sampling was performed from one canal and in the case of a tooth with a periradicular lesion the sample was taken from the root with the periradicular rarefaction. The paper points and file were transferred to sterile, DNA/RNA-free vials containing 1 mL filter-sterilized 10mM Tris-HCI; I mM EDTA (pH =8) and 0.5g (0.71-1.18mm) sterile glass beads. The vials were frozen at-70 C until used.
DNA extraction"
The specimens were thawed and the vials with paper point specimens were vortexed for 2 min to disperse microbial cellular material into suspension.
The suspension was transferred from the original vial to 2 ml DNA/RNA-free sterile vials, which were centrifuged for 10 minutes at 7500 rpm, and the supernatant was removed. From the cellular pellet, DNA was extracted by the enzymatic extraction method, using the Qiagen-QIAamp DNA mini kit protocol (Qiagen, Valencia, CA). This was performed after suspending the pellet in 180 #L of enzyme solution (20 mg/ml lysozyme; 20 mM Tris HCI, pH 8.0; 2 mM EDTA; 1.2% Triton), incubating it for 30 min. at 37C, and adding Proteinase K (201ELL) and Rnase A (4#L at 100mg/mL) for 2 minutes at room temperature.
PCR primers"
All specimens were amplified with ubiquitous (broad range) bacterial primers that target the 16S rRNA gene to determine bacterial presence, as described previously (Fouad et al. 2002) . The following primers were used for this purpose" Forward" AGA GTT TGA TCC TGG CTC AG, and Reverse:ACG GCT ACC TTG TTA CGA CTT. In addition, genus-specific oligonucleotide primers were used to identify the Enterococcus spp. The following primers, which amplify a 112 bp sequence (Ke et al. 1999) , were used to amplify enterococcal DNA sequences in the tuf gene" Forward" TAC TGA CAA ACC ATT CAT GAT G and Reverse" AAC TTC GTC ACC AAC GCG AAC. These primers have been shown to detect 14 species within the genus Enterococcus (Ke et al. 1999) In order to verify that the positive specimens did contain Enterococcus spp., and to determine which species were present, direct sequencing was performed on the Enterococcus-positive PCR products (Cohen 1988 ) a sample size of n 24 per group would be needed to yield statistical power of 80%. We recognized that it was more difficult to recruit patients in the no lesion category than cases with lesions, and made an assumption based on the previous year's treated cases that there will be a 2"1 ratio between the sample sizes of the Lesion versus the No Lesion groups.
Therefore we used n" 24 as the harmonic mean of the groups needed to meet the criteria. The formula for n" 2(n)(n2) / (n + n2), was used to determine the sample needed in the No Lesion group (n), and Lesion group (n2). This yielded a sample size of n-18 for the No Lesion group and n=36 for the Lesion group, for a minimum total n 54.
RESULTS
Sixty-five patients were recruited for the study; however, seven of those patients had been on antibiotic during some portion of the preceding two months so they were excluded from the analysis. Thus the final sample size was 58, in which 22 cases had no periradicular lesions and 36 were with lesions.
Overall, bacteria were detected in 52 of 58 cases (89.7%). (Table 6 )(odds ratio 5). A 2-sided fisher's exact test revealed a trend toward significance (p =0.10).
Seven of the 58 cases included in this study were from diabetic patients; one from type 1 and 6 from type 2 diabetics. Four of these were in the non-lesion and three in the lesion groups. All cases from diabetic patients had bacteria detected in the root canal, but none of them had enterococci. Table 6 shows the other clinical parameters associated with the cases with or without enterococci. A logistic regression analysis was performed to control for the quality of restoration, quality of obturation, peri-operative symptoms, and history of diabetes. There was a statistically significant inverse relationship between presence of Enterococcus and lesion status (p-0.023). Enterococcus spp. was associated with non-lesion teeth. Controlling factors failed to predict likelihood of Enterococcus spp. alone or collectively but when controlling for them, they allowed lesion status (lack of a demonstrable lesion) to be a strong predictor of Enterococcus spp. recovery. Using sequential entry of independent variables none of the four independent variables (the quality of restoration, quality of obturation, peri-operative symptoms, and history of diabetes) was shown to be statistically significantly related to the dependent variable, recovery of Enterococcus spp., nor were they collectively able to account for the presence of a periradicular lesion.
The type of obturation material encountered upon retreatment was also recorded. All of the teeth treated had been obturated with gutta percha except one that contained a silver point. Enterococcus was not recovered from the patient sample containing a silver point. Only four patients presented with preoperative sinus tracts, therefore, these two variables were not used in the statistical analysis.
The phylogenetic analysis of the identity of the seven positive specimens revealed that they formed a clade that had its closest match with E. faecalis V583 (AE016947) (Fig. 1) . Examination of the control external specimens from the seven Enterococcus-positive canal specimens revealed a positive reaction in only one of them.
DISCUSSION
This study showed that the prevalence of Enterococcus spp. in the root canals of cases receiving endodontic retreatment was 12.1%. This prevalence is lower than that previously reported in some studies 64-77% (Rocas and Jung 2004 ; Siqueira Junior 2004) using PCR identification, but is consistent with the 22% reported in an earlier study by our group (Fouad and Barry 2005) . In fact an earlier molecular study (Rolph et al. 2001) , and one culture study (Cheung and Ho 2001 ) failed to identify enterococci in retreatment cases. Enterococci are capable of surviving for long durations under adverse circumstances (Figdor 2003) , and in the treated root canal environment their presence may be related to their overall presence in the mouth (Engstrom 1964) . Certainly, many cases with lesions had bacteria in the root canals, but no enterococci.
The identity match of the enterococci sequenced in this study were similar to those identified in our previous study, in which the same molecular detection techniques were used (Fouad and (19433) were analyzed using the PCR primer published in those studies and the primers used in this study. The primers, used in this study, were found to be 10-fold more sensitive than those reported previously. Thus, primer sensitivity could not explain the differences in recovery rates between this study and those reported previously.
It is possible that the differences seen in prevalence of this microorganism are due to geographical differences in the prevalence of enterococci in the mouth, a factor that was recently recognized in the endodontic literature (Baumgartner and Siqueira Junior 2004) . In any case, the design of this study was such that primer sensitivity was an irrelevant factor since all specimens from cases with and without lesions were analyzed using the same conditions. Unlike culture modalities, PCR measures the presence of DNA. (Ke et al. 1999) . Thus an effort was made in our experiment to improve disinfection procedures and minimize contamination by using a higher concentration of NaOCI 6% in addition to iodine and H202. Despite, our strict aseptic technique and our thorough disinfection process one of the control samples taken from the chamber revealed enterococcal DNA. This tooth also tested positive for Enterococcus within the canal system. Hence, the uncertainty exists how much contamination exists in studies where weaker dilutions of NaOCI and no iodine were used. Clearly more studies will be needed to elucidate the answer.
One of the observations of this experiment was a statistically higher recovery of bacteria, using a broad range 16S bacterial primers, in teeth with periradicular pathosis. This is consistent with the established belief that periapical disease is due to a bacterial etiology (Kakehashi et al. 1965; SjSgren et al. 1997 ).
It has recently been speculated that Enterococcus spp. may play a role in endodontic failure due to its low recovery in primary infections and higher recovery in secondary infections (Molander et al. 1998 (Gilmore 2003) . The high-molecular weight surface protein Esp, has been found in high frequencies among enterococcal isolates associated with urinary tract infections and endocarditis (Shankar 2001 A direct correlation has been demonstrated between the occurrence of enterococci in the oral cavity and pulp cavity (Engstrom 1964 (Engstrom 1964 In a monkey study in which enterococci were inoculated into monkey teeth only 2 of 9 cases developed radiographically-demonstrable periradicular lesions within six months (Fabricius et al. 1982 Rocas et al., JOE 2004 (n=14) Fouad et al., OOOOE 2005 (n=37) It is used to determine relatedness of organisms and thus aid in their identification. The numbers denote a boot strap analysis with 100 repetitions, which represent the chances that these phylogenetic relationships are absolute. The two genera represented are Enterococcus and Abiotrophia.
